they presented parallel lines, one above the other, among an array of random dot elements. The primary task, also called the distractor task, was simply to judge which of the two lines was longer. On an unexpected (inattention) trial, however, the background elements formed an illusion-inducing pattern. That is, the background elements and parallel lines formed either a Mu« ller-Lyer or a Ponzo illusion. Moore and Egeth found that, even though participants often failed to report the identity of these patterns on inattention trials, the illusions nonetheless biased participants' line judgments. Note that this is somewhat different from the IB reported in many of Mack and Rock's (1998) experiments. First, Mack and Rock's inattentionally blind participants were often unable to report anything about the unexpected stimulus, unable to select the stimulus on forced choice tests, and often unable to even guess that anything else in addition to distractor items had been presented during the inattention trials. In contrast, participants in Moore and Egeth's experiments were quite aware of the presence of the background elements on inattention trials. Participants' failures were in reporting the identity (ie pattern) formed by these elements.
In the present study, experiment 1 investigates whether a large illusion-inducing stimulus like that used by Moore and Egeth (1997) can suffer a qualitatively similar IB, like that found in many of Mack and Rock's (1998) experiments. More important, this experiment also tests whether this stimulus will still produce its illusory effects if it goes unreported. Experiment 2 examines the relationship between IB and attention. That is, a number of experiments suggest that changing the demands of the distractor task can impact reporting unexpected events during conditions of IB (see Neisser 1979; Neisser and Becklen 1975; Simons and Chabris 1999) . Experiment 2, therefore, places greater demands on visuospatial resources by increasing the difficulty of the distractor task.
To reiterate, the current experiment will investigate two primary questions: (i) Can a large illusion-inducing stimulus, presented unexpectedly, go unreported? (ii) If the large illusion-inducing stimulus goes unreported, will it still impact perception? A positive answer to question (i) and a negative answer to question (ii) would suggest the IB in this experiment is due to a failure in perceptual processes. Alternatively, positive answers to questions (i) and (ii) would suggest that the IB observed in the following experiments does not eliminate processing, and thus implicating memory failure as the more likely cause of this phenomenon.
2 Experiment 1 2.1 Method 2.1.1 Participants. Seventy-nine participants, ranging in age from 17 to 24 years, took part in this experiment. All had normal or corrected-to-normal vision. Participants were recruited from the University of California at Santa Cruz (UCSC) undergraduate psychology pool, and were naive as to the purpose of the experiment. Students received partial course credit for participating in this experiment.
2.1.2 Apparatus. Participants were seated in darkness 50 cm from a 24 cm630 cm (27 deg634 deg) color monitor running at a 75 Hz. Stimuli were generated with PsyScope experimenter software on a Macintosh computer. Participants used a button box for making responses. The button box was placed beneath the display, such that each corresponding button was located directly beneath its respective target position (see figure 1 ). During all phases of this study, the participant's head was stabilized with a chin-rest.
During training trials (see section 2.1.3), the target appeared at À8, À4, 0, 4, or 8 deg from the participant's midline at eye level. These locations corresponded to target positions 1, 2, 3, 4, and 5, respectively. The practice target was a white cross consisting of 2.85 deg62.85 deg line segments. During experiment trials (see section 2.1.3), the target only appeared at positions 2, 3, and 4. Targets used in the experiment trials consisted of crossed horizontal and vertical line segments varying in dimensions from trial to trial (see table 1 ).
Finally, on trials 5, 10, and 12, the target was surrounded by a 21 deg69 deg rectangular frame offset 4 deg to the right of the participant's straight-ahead (see figure 2 ). This rectangular frame was the critical stimulus. The consequences of this stimulus configuration during conditions when the frame can be consciously reported is an``induced Roelofs effect'' (Bridgeman et al 1997) . In short, this stimulus configuration biases the perceived location of the target within the frame in the direction opposite to the frame displacement. Table 1 . Dimensions of the vertical and horizontal segments of the target crosses used in experiments 1 and 2. Horizontal-1 is the length of the horizontal segment of the target cross in experiment 1. Horizontal-1 is also the length of the upper horizontal segment of the target cross used in experiment 2, while horizontal-2 is the length of the lower horizontal segment of the target cross used in experiment 2. 2.1.3 Procedures. The primary task required participants to indicate the remembered position of the target. Following this position judgment, participants were asked to perform a secondary task that required them to judge which segment of the cross was longer (eg the horizontal or vertical line segment). Together, these two tasks constituted the distractor task. In addition to the presentation of the cross, participants were presented with an unexpected critical stimulus on trials 5, 10, and 12. Similar to Mack and Rock (1998) , these trial types were categorized as the inattention, divided-attention, and full-attention trials, respectively. Trial 5 was categorized as the inattention trial, because it provided data about what could be reported when all expectations were removed and attention was being consumed by another task. Trial 10 was categorized as the divided-attention trial because participants now had a reason to expect that something in addition to the target cross might appear. Finally, trial 12 was the full-attention trial because the participant was explicitly told that something in addition to the target cross might appear on subsequent trials.
Prior to the experiment trials, participants completed twenty-five training trials in order to learn the five possible positions for target appearance. On each trial a target randomly appeared at one of the five positions. Upon target appearance, participants indicated its position by pressing the appropriate button. Participants were encouraged to take their time and try to perform as accurately as possible. To this end, the next trial did not advance until the participant responded correctly, and the target remained present until a response was given. Upon completion of the twenty-five training trials, participants could request an additional twenty-five training trials if they were still unsure about the task.
After the first set of training trials, participants went through an additional four training trials with the secondary distractor task. Participants underwent these trials to ensure that they understood how to properly respond to this additional task component. This was also done to keep the task relatively difficult. During these trials, in addition to indicating the position of the target, participants judged whether the vertical segment of the cross was longer or shorter than the horizontal segment. Thus, after target presentation and indication of its position, participants verbally gave their decision about the vertical segment of the cross by saying``longer'' or``shorter''. After completion of these trials, participants began the experiment trials.
The presentation sequence for the twelve experiment trials is shown in figure 3 . During the experiment trials the target could only appear at positions 2, 3, and 4. The target appeared at position 2 on five trials (trials 2, 5, 9, 10, and 12), position 3 on three trials (trials 3, 7, and 8), and position 4 on four trials (trials 1, 4, 6, and 11). Again, the unexpected frame appeared on trials 5, 10, and 12 (ie critical trials). The target was always at position 2 on these trials. Finally, trials 2 and 9 served as the primary control trials in this experiment. This is because the target on these trials was also located at position 2. Performance on trials 2 and 9 was thus averaged for each participant and used as the baseline reference in the following analyses. In other words, mean performance on trials 2 and 9 was compared to performance on trial 5 (inattention), 10 (divided attention), and 12 (full attention).
On each trial, participants were instructed to gaze forward at the darkened display. A fixation marker was not used, as it would have provided a point of reference for the subsequent position judgments. After this instruction, participants were asked if they were ready to proceed. After a positive indication by the participant, the experimenter initiated the trial. A 50 ms tone signaled the upcoming appearance of the target. The target then appeared for 100 ms and was immediately followed by a uniform mask for 500 ms. During the critical trials, both the cross and frame simultaneously appeared for 100 ms, followed by the mask.
Participants were not prompted for either position or length responses, unless they had forgotten, as they had already learned the sequence and nature of these responses on the previous training trials. This ended the sequence of events for non-critical trials. On trial 5 (the inattention trial), when the frame was present, the experimenter interrupted the experiment with a query to the participant. The query was used to see whether participants noticed the appearance of the frame around the target. The gist of the query was as follows:`U h! Um! I'm sorry, I think I accidentally hit the wrong key on that trial. I'm new at running this experiment and don't have everything down yet. Did you happen to notice anything unusual on that trial? I mean, did you happen to notice the appearance of anything in addition to the cross?'' Following this query, participants answered the question and were given (without their knowledge) a positive or negative score according to their response. A positive score was given for replies that included the target words square, box, rectangle, frame, etc. A negative score was given to participants who replied that nothing in addition to the cross was presented.
A similar protocol was used on trial 10 (the divided-attention trial), but this time the wording was slightly modified to make it sound as if the experimenter had simply made another error in running the experiment. Again, participants' responses were scored without their knowledge. Following trial 10, participants were warned that another visual object in addition to the cross might appear on subsequent trials, and they should report this to the experimenter. On trial 12, the frame appeared for the third and final time and participants were again scored on their response. Following the completion of the twelve experiment trials, participants were debriefed about the purpose of the experiment. Table 2 shows the percentages of participants who failed to report the frame during inattention, divided-attention, and full-attention trials. Fifteen participants were removed from the data used in subsequent analyses for failing to report the frame on fullattention trials. (1) Also, seven participants had incomplete or improperly collected data, and were thus excluded. The remaining fifty-seven participants were classified according to their performance on reporting the appearance of the frame on the inattention, divided-attention, and full-attention trials. Participants who reported the frame on all three trial types were classified as reported-all (n 27). Participants who failed to report the frame on the inattention trial, but reported the frame on the divided-attention and full-attention trials, were classified as missed-inattention (n 20). Finally, those who failed to report the frame on the inattention and divided-attention trial types, yet reported the frame on the full-attention trials, were classified as missed-inattention and divided-attention (n 10).
Results
The following analyses assess participants' bias of judgments about target position and accuracy of (cross) segment discrimination. Bias was scored as the signed error between the participant's response and veridical position of the target. For instance, if the target appeared at position 4, and the participant's response was position 2, then a score of À2 was given. Accuracy of segment discrimination was scored as correct or incorrect for each participant across the twelve trials. Table 2 . Percentages of participants who failed to report the appearance of the frame on inattention, divided-attention, and full-attention trials. These rates are presented for all (ie raw data) and a subset of all participants (ie analyzed data).
Raw data
Analyzed data
(1) It should be noted that many of these participants reported the frame on inattention and dividedattention trials. Failures to report the frame on the full-attention trial may have been due to blinking, not facing the monitor, or other unknown reasons. Because both the experimenter and participant were in darkness, the experimenter was not able to directly observe participant behavior. Nonetheless, because the full-attention trial serves as a reference for baseline performance, failure to report the frame on this trial makes the data difficult to interpret.
A one-way repeated-measures ANOVA was used to analyze bias across target position (2 with frame, 2 without frame, 3 and 4). Results showed significant differences in participants' judgments across target position (F 3 56 17X15, p 5 0X01). Mean bias estimates are shown in figure 4. An a-posteriori Scheffe¨test showed that judgments for position 2 without frame were significantly different from position 2 with frame ( p 5 0X05). This analysis suggests that the present stimulus conditions are sufficient to create an``induced Roelofs effect''. The following analysis tests whether this effect is dependent upon one being able to report the appearance of the frame.
A 364 mixed-design ANOVA assessed participant bias for position 2 only as a function of participant classification (reported-all, missed-inattention, and missedinattention and divided-attention) and trial type (control, inattention, divided-attention, and full-attention). There was a significant main effect for trial type (F 3 54 10X62, p 5 0X01) (see figure 5) . No other effects were significant ( p 4 0X05). An a-posteriori Scheffe¨test showed that participants' mean biases for the inattention, divided-attention, and full-attention trials were significantly different from the control trials ( p 5 0X01). This analysis suggests that the bias caused by the offset frame did not depend on one being able to report the appearance of the frame, as there was no participant classification by trial type interaction.
Accuracy on the secondary distractor task was used to see whether or not performance on this task changed in a different manner for those who did and did not report the frame. The most relevant trial types in this analysis are the control and inattention trials, conditions when the frame was and was not reported. To this end, performance change for participants in the reported-all group was compared to the performance change for participants who did not see the frame on the inattention trials (ie missed-inattention, and missed-inattention and divided-attention groups). (2) A between-subjects t-test showed no difference in performance change between the two groups (t 55 0X826, p 4 0X05). These results suggest that the frame did not impact performance on the secondary distractor task differently for those who did and did not report the frame.
Discussion
The current experiment investigated whether a large illusion-inducing stimulus presented unexpectedly could suffer similar IB to that reported by Mack and Rock (1998) , and also whether such a stimulus would still influence perception. The results from this experiment provide positive answers to both questions. This experiment demonstrated that a large rectangular frame presented simultaneously with a target object went unreported on more than half of our inattention trials. Under increased levels of expectancy (ie divided-attention and full-attention trials), many more participants reported the appearance of the frame. Equally important is the fact that, even when the frame went unreported, the frame was perceptually processed to some extent. This was shown by its impact on perceived target position. Finally, performance on the secondary distractor task did not relate to one's ability to report the frame. Additional implications of these findings will be considered in the general discussion.
3 Experiment 2 Experiment 2 was similar to experiment 1, except that it used a more demanding visuospatial task for the secondary distractor task. This was done in order to better understand the relationship between attention and the IB shown in our experiment. If IB is related to attention, then tasks that engage more attentional resources should increase the chances of its occurrence.
The primary task for this experiment required participants to again indicate the position of a briefly presented target. The target, however, now consisted of one vertical and two horizontal segments. Thus, following the position judgment, participants made a discrimination judgment requiring an analysis of three cross segments. They had to decide whether the vertical segment of the cross was longer, shorter, or in-between the lengths of the two horizontal segments, as well as judge the target's position. Also, the same rectangular frame appeared on trials 5, 10, and 12 (ie inattention, divided-attention, and full-attention trial types, respectively).
3.1 Method 3.1.1 Participants. Seventy-five participants, ranging in age from 17 to 26 years, took part in this experiment. All had normal or corrected-to-normal vision. Participants were recruited from the UCSC undergraduate psychology pool. All participants were naive as to the purpose of the experiment, and received partial course credit.
3.1.2 Apparatus. The targets in the experiment trials consisted of one vertical and two horizontal line segments varying in length from trial to trial, as described above (see table 1 ). The two horizontal segments were positioned one above the other with approximately 0.9 deg separating the two. All other aspects of the experimental apparatus and visual stimuli were identical to those of experiment 1.
(2) Performance change was calculated by subtracting mean control performance (ie secondary distractor task performance on trials 2 and 9) from performance on the inattention trial. Thus, the dependent variable in this analysis was scored as À1, 1, or 0 for negative, positive, and null changes, respectively.
3.1.3 Procedures. The training phase was identical to that in experiment 1. After these trials, however, participants went through four additional training trials with the new secondary distractor task. This task consisted of trials wherein the participant discriminated whether the vertical segment of the cross was longer, shorter, or in-between the two horizontal segments. As in experiment 1, participants underwent these trials only to ensure they understood the nature and temporal sequence of responding on these trials. Following the completion of these four trials, participants began the twelve experiment trials.
The presentation sequence of the critical and non-critical trials remained the same in this experiment. Target positions, however, were changed in order to protect against possible confounds from display artifacts and target positioning. The target on critical and control trials was moved to the right side of the display (ie position 4), and also, the position of the target on other trials was randomly reassigned between positions 2 and 3. This resulted in targets appearing at position 2 on trials 1, 4, 8, 9, and 11; position 3 on trials 3 and 6; and position 4 on trials 2, 5, 7, 10, and 12. Trials 2 and 7 now served as the primary control trials. Performance on these trials was averaged in subsequent analyses. Table 2 shows the percentages of those who did not report the frame on the inattention, divided-attention, and full-attention trials. Both the raw data and data used in subsequent analyses are shown. Sixteen participants were removed because they did not report the frame on the full-attention trial. (3) Five participants were removed for a successful report on the inattention trial, but an unsuccessful report on the divided-attention trials. This is because there was no meaningful way to categorize these participants, and there were too few of them for any meaningful analyses. Finally, one participant had incomplete data. The remaining fifty-three participants were classified with the same scheme used in experiment 1. The reported-all, missed-inattention, and missed-inattention and dividedattention groups consisted of twenty-five, nine, and nineteen participants, respectively.
Results
A w 2 test for independence was used to assess whether there was a difference in the frequency of IB between experiments 1 and 2 for both inattention and divided-attention trial types. The analysis of IB rates for the inattention trials showed that there was no significant difference between experiments 1 and 2 (w 2 1 110 0X027, p 4 0X05). The analysis of IB rates for the divided-attention trials revealed a marginal difference in IB between the two experiments (w 2 1 110 3X79, p 0X052). These results suggest that the secondary distractor task used in experiment 2 increased the likelihood of not reporting the frame on divided-attention trials; however, it had no impact on the inattention trials.
A one-way repeated-measures ANOVA was used to analyze bias across target position (4 with frame, 4 without frame, 2 and 3). Results showed significant differences in participants' judgments across target position (F 3 52 30X83, p 5 0X01) (see figure 6 ). An a-posteriori Scheffe¨test showed that the difference between positions 4 with frame and 4 without frame was significant ( p 5 0X05). This analysis suggests that the present stimulus conditions are sufficient to create an``induced Roelofs effect''. The following analysis tests whether this effect is dependent upon one being able to report the appearance of the frame. 
In experiments 1 and 2 a high percentage of participants failed to report the frame on full-attention trials. We believe that this might have been due to participants still being engaged in additional tasks during these trials (ie still performing the distractor task). We tested this hypothesis by having twenty-four participants perform the experiment 2 protocol through trial 4; however, immediately following trial 4, participants were instructed to ignore both the primary and secondary distractor tasks. Further, participants were told that something in addition to the cross would appear on the next trial. Results showed that only one participant failed to report the appearance of the frame under these conditions.
A 364 mixed-design ANOVA analyzed bias for position 4 as a function of participant classification (reported-all, missed-inattention, and missed-inattention and divided-attention) and trial type (control, inattention, divided-attention, and full-attention). This analysis showed a significant main effect for trial type (F 3 50 9X13, p 5 0X01) (see figure 7) . All other effects were non-significant ( p 4 0X05). An a-posteriori Scheffe¨test showed that the mean bias for the control trials was significantly different from the mean bias estimates in the inattention, divided-attention, and full-attention trial types. All other mean comparisons were non-significant ( p 4 0X05). As in experiment 1, this analysis suggests that the frame had a significant impact on the perceived position of the target, and this effect did not depend on one being able to report its appearance.
Finally, we again assessed accuracy on the secondary distractor task to see whether performance on this task changed in a different manner for those who did and did not report the frame. As in experiment 1, the two trial types of interest were the control and inattention trials. A between-subjects t-test was used to see whether there was a difference in mean performance change between the two groups. Results showed no differences between the two groups (t 52 1X10, p 4 0X05). These results suggest that neither group's performance on the secondary distractor task was impacted by the appearance of the unexpected frame. 
Discussion
Experiment 2 shows a pattern of results similar to experiment 1. Over half of the participants failed to report the appearance of a large rectangular frame when presented unexpectedly. When cued to the possibility that something in addition to the target could appear during a trial, they were more successful at reporting the frame. This increased success, however, was somewhat attenuated in this experiment because of the increased demands of the secondary distractor task. That is, participants showed increased IB on the divided-attention trials in this experiment. The most important finding, however, was the corroborating evidence that, even when participants failed to report the frame, it still impacted the perceived position of the target. Finally, the analyses give no indication that performance on the secondary distractor task was impacted by one's ability to report the frame. Additional implications of these findings are considered in the next section.
General discussion
Two experiments employed a hybrid approach to the analysis of processing during conditions of IB. We characterized this as a hybrid approach because our method (a) drew from Moore and Egeth's (1997) illusion-inducing stimulus (on-line) paradigm, and (b) used Mack and Rock's (1998) criterion for IB. We asked the questions: (i) Can a large illusion-inducing stimulus presented unexpectedly go unreported due to IB? (ii) If that stimulus goes unreported, will it still impact perception? (iii) Is the frequency of IB in this task domain impacted by manipulations of available attentional resources?
We provide positive answers to the first two questions. These experiments show that a large rectangle presented around a small target cross will often go unreported when presented during conditions of high cognitive load. This result is consistent with similar findings showing that much smaller stimuli often go unreported when presented unexpectedly (see Mack and Rock 1998) . Our experiments also show no differences in perceptual mislocalizations between those who did and did not report the illusioninducing stimulus. Experiment 2 shows that a more demanding visuospatial distractor task may increase IB under some conditions. Specifically, our results show that a more demanding task may have a negative impact on reporting the critical stimulus during states that Mack and Rock (1998) characterize as diffuse or divided attention. It is not entirely clear, however, why the more demanding visuospatial distractor task did not have an impact on the inattention trials. Perhaps the frequencies observed on the inattention trials in these experiments represent a ceiling effect for the current stimulus configuration and/or experimental conditions. Future research should investigate the impact of variable visuospatial demands on IB in this task domain. Finally, our results show that the unexpected appearance of the frame did not have a differential impact on the secondary distractor task performances for those who did and did not report the frame.
In many previous IB experiments the unreported targets have been small and non-salient compared to the distractor stimuli. That is, much of the energy in the display has often been in the distractors. Our design, in contrast, puts a much greater percentage of the total stimulus energy in the unperceived test stimulus (ie the frame). Despite the size of the test stimulus, we found a high rate of failure to report it. Moore and Egeth (1997) also used a large test stimulus, but its presence was detected by participantsöonly the identity of the stimulus was masked. Therefore, the present study is the first demonstration wherein the stimulus that dominates the energy distribution can remain unreported in the majority of trials. Further, this large stimulus affects the perceived position of a much smaller probe similarly whether it is detected or not, implying that perceptual detection and pickup of spatially useful information are separate processes.
Extent of processing for the Roelof's frame
The extent of perceptual processing in the absence of attention has been widely debated. For about the last fifty years, the debate has volleyed between those who propose high and low degrees of organization in the absence of attention (eg Baylis and Driver 1993; Broadbent 1958; Deutsch and Deutsch 1963; Mack et al 1992; Palmer and Rock 1994; Rock et al 1992a) .
Those who favor high degrees of organization point to evidence of object-based attentional selection. For instance, Baylis and Driver (1993) found benefits in performance when judgments were made about two parts of the same object rather than two parts from different objects (see also Duncan 1984; Kahneman and Henik 1981; Kahneman et al 1983) . Those who take the position of low degrees of organization point to the fact that simple Gestalt grouping processes, initially thought to occur very early in the information processing sequence of events, have been shown to occur only after processes that mediate some categories of perceptual constancy. For instance, Rock and Brosgole (1964) showed that shape perception is resolved prior to grouping by proximity (see also Rock et al 1992b) . Later work by Moore and colleagues (Moore et al 2003 (Moore et al , 2004 addressed this topic more precisely within the context of IB. With clever uses of perceptual completion of surfaces and the Simon effect, these authors observed successful surface completion, but no Simon effect when stimuli are unattended in IB. These results suggest that unattended stimuli in IB are processed enough for perceptual surface completion, but do not reach far enough to interfere with response selection (Simon effect).
The current study also complements the findings of Moore and colleagues (Moore et al 2003 (Moore et al , 2004 . For example, it is difficult to see how the induced Roelofs effect could occur without figure/ground segmentation (see Palmer and Rock 1994) , which is consistent with the surface completion results from Moore et al (2003) . In addition, the current results contrast nicely with Moore et al's (2004) , because both the Roelofs and Simon effects require spatial representations to operate, but only the Simon effect involves response-end processes (Lo and Yeh 2008) , which dissociates the positive and negative findings between the current study and the Moore et al (2004) study, respectively. Further, because the illusion produces biases in perceived position, one could argue that attention is engaged after those processes mediating position analysis. Lastly, the present findings show that unconsciously processed stimuli can alter our subjective midline and spatial frame of reference (see . Taken together, these results suggest that unconscious processing of peripheral stimuli occurs rather early in perceptual processing. Future research should investigate more systematically the depth and extent of unconscious perceptual processing that can be said to occur during conditions of IB.
Inattentional blindness and other phenomena of unconscious processing
In the past decade the debate concerning the impact of attention on perceptual processing has been reinvigorated by the (re)discoveries of change blindness (CB), the attentional blink (AB), and IB. Research on these phenomena show some startling consequences for perception when attention is removed from the visual experience. Change blindness shows that one may fail to notice highly visible scene changes made during an eye movement, screen flicker, mud splash, or scene cut (eg O'Regan et al 1999 (eg O'Regan et al , 2000 Rensink et al 1997) . The attentional blink shows that, if one is processing one target embedded in a rapid temporal display of many distractor items, another target (ie a probe) presented about a quarter-second later will go unreported (eg Joseph et al 1997; Mack et al 2002) .
Similar to IB, studies have shown that unreported (instead of unattended) stimuli in CB and AB can also be processed to certain level below the threshold of explicit response selection. For example, in CB participants' eye movements linger around an unreported change longer (Hollingworth 2003) , and can guess the change better than chance when prompted (Fernandez-Duque and Thornton 2000; Tseng et al 2010a Tseng et al , 2010b ; but see Mitroff et al 2002, for an alternative account of the same phenomenon; for a review from both perspectives, see Tseng 2011, and Hannula et al 2005) . In AB, studies also show that semantic and numerical information are processed, although masked targets are not consciously perceived (Hsu et al 2010; Railo et al 2008) . Neuroimaging evidence is scarce, but does exist for CB (FernandezDuque et al 2003) and AB (Luck et al 1996) . On the surface level, these blindness phenomena seem very similar. However, the stimuli from each paradigm (especially in CB) vary so widely that a simple generalization is not warranted. Therefore, the variety of complex stimuli from CB have generated different findings that suggest CB can be a result of failure in encoding (Hollingworth and Henderson 2002; Tseng et al 2010a Tseng et al , 2010b , visual memory (Wolfe 1999) , or retrieval and comparison (Henderson and Hollingworth 2003) . For instance, one might have encoded the item into memory and simply forgotten it during the interval between stimulus and response. Alternatively, the stimulus may never have been encoded into memory because attention may be required to mediate the perception-to-memory exchange. Distinguishing between memory and perceptual mechanisms as an explanation for IB, as well as other phenomena such as CB and AB, requires caution on the researchers' part.
Finally, we address some concerns with research on IB and related phenomena. One concern pertains to the relationship between attention and consciousness, or rather, inattention and lack of consciousness (awareness). The ongoing debate has centered on whether these terms mean the same thing or are different cognitive processes. Some would argue that attention and consciousness are the same cognitive process (eg O'Regan and Noe 2001). Others would argue that attention and consciousness are distinct processes with different neural mechanisms (eg Koch and Tsuchiya 2007) . For example, consciousness in the absence of attention can be observed when participants are flashed images for moments too brief for top^down attention to play a role in processing. Empirical evidence comes from Mack and Rock's study (1998) where they flashed images for a very brief, 30 ms, to participants and it was shown that the gist of the scene could still be reported. A more moderate point of view (Dehaene et al 2006) suggests that attention and consciousness are, although different, inextricably interwoven because attention serves as a gateway to consciousness. Naccache (2002) has shown priming by a masked (invisible) word only when the participant can allocate attention to the task. When attention cannot be allocated to the task the prime-target pair priming fails to occur.
To place the present findings in a broader theoretical context, it is necessary to define what state of inattention and consciousness is achieved here, as well as the strength of the stimulus (eg Dehaene et al 2006; Koch and Tsuchiya 2007) . We believe the unconscious condition has been achieved given that many participants were unable to report the identity of the stimulus on the inattentive trial, but were easily able to report it on subsequent trials. We also believe that a state of inattention was achieved according to the definition of the phenomenon outlined by Mack and Rock (1998) . That is, participants in our experiment didn't simply fail to report the identity (ie pattern) formed by the rectangle on the inattention trials but, rather, they failed to report that anything other than the target had been present. This inattentional and unconscious state of processing is best categorized as the``preconscious'' state of processing (Dehaene et al 2006) , where bottom^up strength is fairly strong (the visible frame) but top^down attention is absent, thus leading to unawareness.
Neuroimaging evidence suggests that the conscious state of processing involves parieto-prefrontal activation and late amplification of posterior activity (Dehaene et al 2006) . In contrast, only posterior activity is observed when people do not consciously perceive a changed stimulus (Fernandez-Duque et al 2003; Pourtois et al 2006) , and artificial interference with posterior parietal activity can induce unawareness of visual changes (Beck et al 2001; Tseng et al 2010a Tseng et al , 2010b . Patients with unilateral neglect, where parietal damage causes a loss of awareness for visual events occurring in the visual field on the contralesional side, also show extensive perceptual processing such as color/form extraction (Driver and Mattingley 1998) and image segmentation/completion (Mattingley et al 1997) in the absence of attention and/or awareness. In terms of frontal activity, stimuli that are processed but reported in AB also fail to activate the prefrontal activity that is usually present when stimuli are perceived and reported (Marois et al 2004) . Therefore, it seems that any interference or absence of activities from the fronto-parietal network can induce a state of preconscious processing, which is likely the underlying neural mechanism of the present findings.
One last concern with this research is that IB relies on only a single inattention trial collected from each participant. This is problematic because a single trial is useless for disentangling bias and criterion effects. This makes it plausible that the unreported events in these experiments are seen on the inattention trials, but that participants are simply unwilling to report them (see Rensink 2000) . Demand characteristics might suggest to the participant that the only task of any importance has already been outlined, and any straying from this task might suggest to the experimenter ineptness on the part of the participant. An experiment by Haines (1991) provides a plausible rebuttal against this explanation. The experiment, performed in an aircraft simulator, was designed to investigate the use of heads-up displays during the landing phase of flight. (Heads-up displays project flight information directly on the windshield of the aircraft, allowing the pilot to view this information and the outside world simultaneously.) Just prior to landing, a large airplane was placed at the point of touchdown in the center of the runway. Astonishingly, 25% of experienced pilots in this experiment failed to notice this unexpected runway incursion and proceeded to land their aircraft. Further, the pilots failed to report this event upon being queried about it after landing. This 25% IB rate makes the argument of demand characteristics implausible, as the argument implies that 25% of the experienced pilots would fail to report the appearance of an undeniably salient and very important visual event due to experimenter expectations. We contend that the critical stimuli in question are visible enough to override any criterion or bias shifts. Further, our experiments queried participants' perception on critical trials in such a way as to place the blame of any incidental mishaps (ie shifting attention away from the distractor task) squarely on the shoulders of the experimenter.
In conclusion, the results from these experiments show evidence for fairly extensive perceptual processing during conditions of IB. These results challenge assertions of highly limited processing in the absence of conscious awareness. Future research might take advantage of these types of perceptual illusions for systematically investigating the extent of perceptual processing during conditions of lack of conscious awareness.
